Evolutionarily conserved structural and functional roles of the FYVE domain.
The FYVE domain is an approx. 80 amino acid motif that binds to the phosphoinositide PtdIns3P with high specificity and affinity. It is present in 38 predicted gene products within the human genome, but only in 12-13 in Caenorhabditis elegans and Drosophila melanogaster. Eight of these are highly conserved in all three organisms, and they include proteins that have not been characterized in any species. One of these, WDFY2, appears to play an important role in early endocytosis and was revealed in a RNAi (RNA interference) screen in C. elegans. Interestingly, some proteins contain FYVE-like domains in C. elegans and D. melanogaster, but have lost this domain during evolution. One of these is the homologue of Rabatin-5, a protein that, in mammalian cells, binds both Rab5 and Rabex-5, a guanine-nucleotide exchange factor for Rab5. Thus the Rabatin-5 homologue suggests that mechanisms to link PtdIns3P and Rab5 activation developed in evolution. In mammalian cells, these mechanisms are apparent in the existence of proteins that bind PtdIns3P and Rab GTPases, such as EEA1, Rabenosyn-5 and Rabip4'. Despite the comparable ability to bind to PtdIns3P in vitro, FYVE domains display widely variable abilities to interact with endosomes in intact cells. This variation is due to three distinct properties of FYVE domains conferred by residues that are not involved in PtdIns3P head group recognition: These properties are: (i) the propensity to oligomerize, (ii) the ability to insert into the membrane bilayer, and (iii) differing electrostatic interactions with the bilayer surface. The different binding properties are likely to regulate the extent and duration of the interaction of specific FYVE domain-containing proteins with early endosomes, and thereby their biological function.